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I. Introduction 

The period Iroin J8 UIU 2G Nuvumbol 
1991 to roughly 23 UTC 20 November 1091 has 
become n local coon nlndy of llio FIIlR Cimm-ll 
field campaign- Tbo middle nnd upper 
l.i ojxinpbei ic cloud do to Hint were collected bnve 
allowed FI HR ecicnlioto to lenrn a great dual 
nlmiit llio mot phologicnl structure nnd 
micropbyeir.nl nnd radiative characteristics of 
(be mid lnlilndo cirron tbnl occurred during 
tlml limn. An important component or Ibis 
elTnrt in dolormining tbe oynoptic scale forcing 
Unit existed during tide lime. Ily forcing, we 
menu llio coupling between III" background 
vorlio.l nil motiono ami Urn Inigo "culo molstum 
bmlgel tlml inilinlod and ninintoined cirrus 
cloud in the oludy region. Defining Ilia synoptic 
ncnlo toning in one of tbe eluted scientific 
objectives or llio FI HR program. 

It ifl nloo nocooeary, from llio olaudpoint 
of model validation, that Iho vertical motions 
and large ncnlo moieluro budget of this rose 
olu.ly be derived directly from obncjvnlionn l.o. 
independent of model-based dnto nnuimilulion. 
We connider it importnnt that llio modclo uaod 
to nimuliile U»o obnarvoil cloud ficldn hogiii w,l h 
llio col lect dymuiiicfl nnd tbnl llio dynninicn be 
in Ibe right place for the right icnnono. 

We have combined hourly Wind Profiler 
Demnnnli alien Network dnUi (Chadwick ot ul, 
1986) with rnwiiiBondo dnto procoeeod nt full 
vni lirnl rcuolulioir to cienlo objective nnalyuoe of 
the synoptic ocale fields. Using dingnoalicn 
derived from lbs objectively analyzed data and 
hulk cloud optical propetlien determined from 
uL>ontol.ionnry oulellite dnla, wo will lntor 
interactions between the luige ncnlo forcing nl)d 
the bulk cloud oplicid fnopot lien. 


2. The November 215th Case Study 


Tbo middle and uppor Inijioapberic 
cloud bond Hint won oninplod during tbo locnl 
afternoon or 20 November 1091 was closely 
coupled to tbo synoptic scnlc dynamics 
embedded in the oxil rogion of n strong 
northwesterly jet stream. Tbe Jet extended from 
a rid go in the northwestern United Stolen 
southeastward into tbo Tcxna Panhandle. A jet 
streak of 03 m s' 1 wns propagating 
noullienolward near the (low inllcclion point in 
eaiilem Colorado. Immediately downstream of 
Urn jc.t core, a diflnenl trough axis extended 
from nnntorn Texas northward into the Dakotas. 
Annlyoio of Um gaopotonlinl height field (not 
shown) shnwo that Hie hough nxin bad a well 
defined Boulhennt-northwesl lilt. Thin situation 
bnni a sliong resoinblnnco to n clnmiic description 
or an upper jet-front system propagating 
through a synoptic nculo baroclinic wave 
presented by Shapiro (1903) nnd Itoyser and 
Shapiro (1987). This Binge of development »> 
marked by bnrolropic amplification through the 
till in the height field nml by baroclinic 
amplification indicated by the wenk cold 
ndvocUon in U.e northwcslorly Dow (Keyscr and 
Shapiro 1987). Tbn nnipllficalion pivcees >n 
displayed quite markedly by e*nmining l,M | 
evolution or the dynamics between 18 UTC nnd 
21 UTC. Fig. 1 shows vortical eoBt-wesl cross 
soctiona of relative vorticily nt 18 and 21 UTC. 
The croos sections exlend fiom the jet core in 
southeastern Colorado across the trough 
north or the Ki.mms-Oklahoinu border nnd into 
llio di fluent zono in western Missouri. The 
vorticily pattern ebowo a region or cyclonic I 
vorticily oxtending through tiro depth of the 
troposphere and oitunlcd from Hie Jet core 
ennlwurd into the dinuenL trough with 
maximum amplitude nenr 10 km. Tbo vorticily ] 
pnttorn honrn n nUiking resomhlnnce to that 
found in mobile upper tioposphoric troughs 
(Snndoro, 1988; Whitokor and Dnrdlon, 1992). 
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Fig. , . Conn uoclionn «f U.c vertical component of Urn rein live vo, l.cty fo. «) U U ^ ^ 
Nov <JJ .mil I,) 21 UTC 20 Nov. 01. Tho cross oocl.onn extend in an east went lino nxun 

g^nit'li-ce n'h nl Cole to southwestern Missouri. Unit, ace in lO* a' 1 nn.l negnl.ve values 

i\ r t3 uJimlfifl. 


The evolution or the votlicily patient 
associated with the JcUtroiigh system in clearly 
evident. The enliio pattern appeals to progress 
onnlwnid during the litres hour period. I lie 
amplitude of tho dintui hnnee appears In 
fleet enno between d and 0 kin while n significant 
amplification in tiolml between B anil 12. km. 
The nognlive vnilieily values in the Honking 
iriigintoiy ridges show little change aside fttim 
nn uaolwnril propreneion ilurinf; the period. 

•| |, c vortical velocity was calculated no a 
icsiilunl from the liral law of Ihennodyuntuice 
.nrmttming adiabatic How. Itcnulta nl 6.6 km are 
nlin w n in Fig At 18 UTC, wenk largo ucale 
ascent in diagnosed in a band that extendo 
noiilh wawlward from a local maximum in 
noulh wen tern Iowa. At 21 UTC tho canter or 
iiplill in uuulhwoelorn Iowu dncionBCO olitfhlly i» 
iiilelinily. Elsewhere, mnplificntion of the 
pallet it in diagnosed. Tliis inclndco the uoeent 
zone an well as ths tn e ion or olrong auhnirlnnco 
centered on tho Knnono-Nshrnskn border. The 
upward vertical motion more than doubles over 
most of custom Oklahoma with the center of 
lining motion over the Rod River showing 

evidence ol eastward propagation. 

The response of the cloud shield to the 
synoptic scale forcing con bu seen by oxamtmng 
Fig. 3 which shows Hie high cloud visible opltcnl 
depth (Minnis, l’HIO) nt 18 UTC and 21 UTC. 
At 18 UTC the high clouds with the Imgeol 
optical depths weie nnnocinled with the center ot 


lining motion over southwestern Iowa. A thick 
band or citrus extended Boulhwsstwai rl into 
central Itansas with opticnl depths exceeding H 
along the centred portion of tho cloud build. 
Thin cirrus extended southward into Oklahoma. 
Ily 21 UTC optical depths all along the cloud 
band showoil a otgnilicaiil response to the 
avolving vertical moLion patient. This is most 

evident over Oklaho The oaiilwurd 

propagation of the southern portions or the 
cloud hand ore clearly evidonL Wo find good 
correlation hetween the increasing optical 
depths in Oklahoma and the increasing veiticel 
motions lit 6.0 kttt. The increase in option 
depths over southwestern Iowa arc iissocMiteil 
with sharply larger upward mutton hetween 7 
and 10 km (not shown). 


3, Concluoionp 

The evolution or tho cloud system 
extensively obaorvod on 20 November can bo 
seen as o rcoponse In vortical circulations 
associated with synoptic scale foiling. An the 
rapidly advancing jet streak passed the Row 
inflection point altar 18 UTC, Lite system 
become predisposed to Jnrge ocalc amplification 
through the orientation ot the trough axis and 
cold air ndvection. The strong gradient m 
velocity insured that parcols exiling the Jot wore 
sliongly ngeoolrophic ns they passed into tho 
ilifhicnl trough. 


,, iK . 3. High cloud vieible optical depth del., mined from gom.Ullon.nr «“•»** "> 

TJJ'G 20 Nov. 1091, b) 21 UTC 20 Nov. 1991. 


11,1b contention in nupported by 
oinolic analysis or wind profiler dnln that 
wo increasing upper troponpbcnc divergence 
hip this period, Tbc inlluonce or trajectory 
■vnturo likely ployed nn iuiportnnl role in the 
her nuddon amplification or tbc vortical 
lion pattern ond concomitant modulation of 
cloud option! proportion. An oliown by 
mnmu nnd Hnmonil (1089). ndver.Uon or 
jnclory curvature con uignificanlly onhwicft 


Ihe vcrticol eircul.Uon. that cxiul in curved Jot 
Howa. 
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